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INTRODUCTION 

I n  t h e  Quar t e r ly  Report  #9, Apr i l  15,  1963, it w a s  noted t h a t  n e i t h e r  

f l u o r i n e  nor  anhydrous hydrogen f l u o r i d e  could be ob ta ined  oxygen-free. A l so ,  

n e i t h e r  could be p u r i f i e d  s u f f i c i e n t l y  i n  t h e  l abora to ry  t o  q u a l i f y  as 

r eagen t s  f o r  t h e  de t e rmina t ion  of small amounts of oxygen i n  another  subs tance  

such a s  potassium. 

c o n t i n u a l l y  gave exceedingly high and unmanageable blanks of oxygen i n  t h e  

appara tus  s y s t e m .  

”Oxygen-f reel’ f l u o r i n e  and “anhydrous hydrogen f l u o r i d e ”  

T o  overcome t h e  above shortcomings,  t h e  r e p o r t  suggested s u b s t i t u -  

t i o n  of bromine t r i f l u o r i d e  for f l u o r i n e ,  noted some of t h e  expected r e a c t i o n s ,  

and desc r ibed  t h e  work t o  be done during t h e  ensuing  q u a r t e r .  

Th i s  f i n a l  r e p o r t  d e s c r i b e s  t h e  work done w i t h  bromine t r i f l u o r i d e ,  BrF3. 

The a d d i t i o n a l  months of J u l y  and August were supported by an amendment t o  t h e  

o r i g i n a l  NASr-12 c o n t r a c t .  
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SUMMARY 

1. The present  s tudy  has  conclus ive ly  e s t a b l i s h e d  t h e  f e a s i b i l i t y  of developing 

a s p e c i f i c  method f o r  t h e  ana lys i s  of t r a c e s  of oxygen (5  t o  150 ppm) i n  

a l k a l i  metals. The method is based on the  r e a c t i o n  of p u r i f i e d  bromine 

t r i f l u o r i d e  (BrF3) wi th  t h e  subjec t  metal t o  l i b e r a t e  molecular  oxygen 

which is then  dynamically determined by t h e  Brady method. 

2 .  An appara tus  has  been designed and cons t ruc t ed  t o  p u r i f y  and accommodate the  

BrF3 i n  a r e a c t i o n  s y s t e m  and t o  sweep, w i th  p u r i f i e d  hel ium, t h e  l i b e r a t e d  

oxygen t o  a spectrophotometr ic  measuring ins t rument .  

3. When r eac t ed  wi th  bromine t r i f l u o r i d e ,  e x c e l l e n t  r ecove r i e s  of oxygen w e r e  

ob ta ined  on t e s t  samples of potassium bromate (KBrO3) con ta in ing  between 

25 and 150 micrograms of oxygen. Thus, t he  BrF3 method is a p p l i c a b l e  f o r  

a n a l y t i c a l  purposes a t  concent ra t ion  l e v e l s  a s  low as t h r e e  o r d e r s  of 

magnitude less than  previous ly  reported i n  t h e  l i t e r a t u r e .  

4 ,  The f e a s i b i l i t y  of applying t h e  present  method t o  potassium has been 

demonstrated q u a l i t a t i v e l y  by the  r e a c t i o n  of BrF3 wi th  a contaminated 

potassium sample,  which r e s u l t e d  i n  a l a r g e  measurable recovery of oxygen. 

These tests a l s o  showed t h a t  BrF3 can be made under s p e c i f i c  cond i t ions  t o  

react i n  a c o n t r o l l a b l e  manner with potassium metal without  observable  

d i f f i c u l t i e s .  

5. To proper ly  adapt  t h i s  Bromine T r i f l u o r i d e  Method f o r  t h e  s p e c i f i c  a n a l y s i s  

of oxygen i n  such elements as potassium and sodium, improvements i n  appara tus  

and ins t rumenta t ion  must be made and s t a t i s t i c a l  d a t a  obta ined  us ing  

r e l i a b l e  a l k a l i  metal samples. 

-2 - 
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EXPERIMENTAL PROCEDURE AND RESULTS 

Emeleus and Woolf(‘) had shown t h a t  bromine t r i f l u o r i d e  r eac t ed  wi th  a 

number of m e t a l l i c  oxides  t o  q u a n t i t a t i v e l y  l i b e r a t e  molecular oxygen. Repre- 

s e n t i n g  the  metal i on  by M: 

5ge + &rF- - 5t.p.- + 3Br.- + 302 3 L L 

I t  w a s  qu ick ly  shown by Emeleus as w e l l  as o t h e r s ( 2 ’ 3 j  t h a t  whi le  some 

oxides  gave incomplete r e c o v e r i e s ,  the c r i t e r i o n  f o r  q u a n t i t a t i v e  r e s u l t s  w a s  

t h a t  a v o l a t i l e  or reagent  s o l u b l e  f l u o r i d e  must form. I n  a d d i t i o n ,  c e r t a i n  

oxy-sa l t s  such as t h e  i o d a t e s  and bromates gave a complete r e a c t i o n  w i t h  t h e  

bromine t r i f l u o r i d e .  F u t h e r ,  t h e  l i t e r a t u r e  wi thout  q u a l i f i c a t i o n  r e p o r t s  

t h a t  BrF3 may be obta ined  f r e e  of oxygen i t s e l f .  

The  common p r a c t i c e  w a s  t o  use oxide samples t o  l i b e r a t e  as much as 

75 m i l l i l i t e r s  or 0.1 gram of oxygen. Only s t a t i c  s y s t e m s  w e r e  used and 

a f t e r  e q u i l i b r a t i o n ,  t h e  oxygen l e v e l  w a s  ob ta ined  by p res su re  measurements. 

To de termine  t h e  oxygen con ten t  of a sample,  t h e  m a t e r i a l  w a s  put  i n t o  a 

f luocarbon p l a s t i c  tube  a t  l i q u i d  n i t rogen  temperature  and the  appara tus  

evacuated.  

p re s su re  of t h e  evolved oxygen was measured wi th  a d i f f e r e n t i a l  mercury 

manometer . 

Then t h e  r e a c t i o n  tube was heated t o  approximately 75OC. The 

While t h e  oxides  of t h e  a l k a l i  metals were not  among those  s t u d i e d  by 

o t h e r s ,  they should q u a l i f y  f o r  complete l i b e r a t i o n  of oxygen because of t h e  

high s o l u b i l i t y  of t h e  corresponding f l u o r i d e s  i n  bromine t r i f  l ~ o r i d e ( ~ ) .  
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A l l  of t h e  above suggested t h a t  the  s u b s t i t u t i o n  of BrF3 f o r  Fa would 

al low f o r  t h e  de te rmina t ion  of oxygen i n  a l k a l i  metals by t h e  fundamental  

approach suggested i n  previous r e p o r t s ,  

Following t h e  proposed o u t l i n e  i n  t h e  previous r epor t (5 )  , t h e  appara tus  

was cons t ruc t ed  a s  shown i n  F igure  1. Means f o r  i n t roduc ing  both bromine 

t r i f l u o r i d e  and anhydrous hydrogen f l u o r i d e  t o  t h e  Reac t ion  C e l l  were provided. 

I t  was soon found t h a t  while  BrF3 and HF were compat ib le ,  vapors of hydrogen 

f l u o r i d e  escaped condensation i n  t h e  Monel and Kel-F a f t - t r a i n  co ld  t r a p s  

du r ing  t h e  sweep of t h e  s y s t e m  wi th  helium. When t h e  React ion C e l l  w a s  kept  

a t  -30 t o  -4OOC t o  r ece ive  t h e  potassium, t h e  hydrogen f l u o r i d e  vapor w a s  

deemed excess ive .  The HF w a s  d i f f i c u l t  t o  r e t a i n  i n  t h e  whole af t -system 

p r i o r  t o  t h e  Brady Apparatus.  When t h e  gas  reached t h e  l a t t e r ,  a n a l y t i c a l  

i n t e r f e r e n c e  r e s u l t e d .  

The mixture  of HF and BrF3 would i n i t i a l l y  gene ra t e  molecular oxygen 

I t  from any water o r i g i n a l l y  present  i n  the  anhydrous hydrogen f l u o r i d e " .  For 

e q u i l i b r a t i o n ,  r a i s i n g  t h e  temperature of t h e  s o l u t i o n  t o  a t  l ea s t  22 - 24OC 

would be r equ i r ed .  P r i o r  t o  any blank de te rmina t ion  of t he  s y s t e m ,  t h e  

oxygen s o  generated would have t o  be swept out  wi th  helium and,  hence,  r e s u l t  

i n  a h igh  v o l a t i l i z a t i o n  of t h e  HF. 
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With t h e  c e s s a t i o n  of work on the AHF-BrF3 combinat ion,  t h e  remaining 

e f f o r t  was d i r e c t e d  t o  a s y s t e m  involving BrF3 a lone .  The successes  obta ined  

wi th  t h i s  approach are covered i n  a l l  t h e  s e c t i o n s  which fo l low.  

APPARATUS 

F igure  2 o u t l i n e s  t h e  appara tus  used for a l l  t h e  subsequent work wi th  

bromine t r i f l u o r i d e  alone.  

A f t e r  a l t e r n a t e  helium purging and evacua t ion ,  a known volume of BrF3 

may be d i s t i l l e d  from t h e  c y l i n d e r  i n to  Kel-F Trap  A. Then b y  s i m i l a r  t rea t -  

ment, t h e  reagent  is t r a n s f e r r a b l e  t o  t h e  Reac t ion  C e l l  E. By means of a 

Tef lon  "0" r i n g  t h e  A l k a l i  Metal Sampler-Extruder is bo l t ed  t o  t h e  C e l l .  A 

Jamesbury Vacuum B a l l  Valve - 8 ,  wi th  a 3/4" opening,  provides  f o r  t h e  i n t r o -  

d u c t i o n  of samples.  Means for purging t h e  C e l l  wi th  helium are provided 

through Valves 7 or 14. 
through Valve 5 i n t o  - 7. 

Valve 7 and 4 and through Trap  2 t o  the vacuum mani fo ld ,  when 1 3  and 14  a r e  

c losed .  

- 

The helium o r i g i n a t e s  from t h e  N a K  bubbler  and 

A l t e r n a t e l y ,  t h e  C e l l  may be evacuated through 

- 
- 

- - - - 

The purpose of Trap is  t o  condense t h e  v o l a t i l e s  o r i g i n a t i n g  from Kel-F 

Pre l iminary  pumping on BrF3 i n  t h i s  t r a p  through Valves 2 and - 1 Trap  A .  - 
removes t h e  bulk  of t h e  " impur i t i e s "  before  t h e  bromine t r i f l u o r i d e  is t r a n s -  

f e r r e d  t o  C e l l  B. - 
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When running a blank or a t e s t  sample i n  C e l l  B ,  t h e  v o l a t i l e  end-products - 
from t h e  r e a c t i o n  wi th  t h e  BrF3 are swept by t h e  helium through Valves 5 and 7 

with  Valves 4, 5, 13, and 14 c losed  and t o  t h e  a f t - sys tem through Valve 15. 

The af t - sys tem c o n s i s t s  of a Monel cold Trap C ,  Kel-F Trap  D ,  K I  Trap E ,  and 

l i q u i d  N2 g l a s s  Trap F. Bromine and any f l u o r i n e  are condensed i n  t h e  s y s t e m  

p r i o r  t o  t h e  K I  Trap  E .  This  l a t t e r  is a f u r t h e r  precaut ion  f o r  t h e  conver- 

s i o n  of any B r 2  or F2 t o  iiBr and liF with  t h e  i i b e r a t i o n  of 12. The Iodine i s  

e a s i l y  condensed i n  t h e  g l a s s  Trap  F w i th  l i q u i d  n i t rogen .  

- - 
- - 

- - - 
- 

- 

When a sample is f i r s t  introduced i n t o  C e l l  B ,  Valves 7 ,  1 3 ,  1 4 ,  and 1 5  

are u s u a l l y  c losed .  During t h i s  t ime: helium is  allowed t o  pass  through t h e  

af t - s y s t e m  through t h e  by-pass Valve 6. 

- - - -  - 

- 

Only helium and l i b e r a t e d  molecular oxygen (assuming no-leaks i n  t h e  

appara tus)  sweep by t h e  g l a s s - t r a p  F through three-way Valve 20 t o  t h e  Brady 

Oxygen Analyzer where t h e  oxygen may then  be measured. The helium f low-ra te  

is he ld  a t  125 m l / m i n .  To determine t h e  n u l l  po in t  on t h e  B & L Spectrophoto-  

meter a t t ached  t o  t h e  Brady Analyzer,  oxygen-free helium from t h e  N a K  e n t e r s  

through Valve 19 and t h e  three-way Valve 20. 

- _. 

- - 

The Alkali-Metal Sampler-Extruder may be evacuated through Valve 2.  A - 
means f o r  evacuat ing  t h e  helium l i n e s  i s  provided through Valve 17. The whole 

vacuum manifold may be i s o l a t e d  by means of Valve 18. Preceding t h e  vacuum 

pump is a g l a s s  cold t r a p ,  i s o l a t e d  by Stopcocks 24 and 25. With a D e w a r  of 

l i q u i d  N2 t h e  halogens condense i n  the t r a p  and ,  t h e r e f o r e ,  d o  not  f o u l  t h e  

- 
- 
- - 

pump. 
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A l l  va lves  i n  t h e  s y s t e m  are made of monel and a r e  e i t h e r  of t h e  bellows 

or diaphragm t y p e .  All connect ing l i n e s  are monel o r  copper tub ing .  In  t h i s  

f i r s t  c o n s t r u c t i o n ,  a l a r g e  number of monel o r  b r a s s  swagelok f i t t i n g s  were 

used f o r  t h e  assembly. 

DISSOLUTION OF POTASS i-m 

It  w a s  demonstrated t h a t  t h e  r e a c t i o n  of potassium w i t h  bromine t r i f  l u o r i d e  

could be e a s i l y  managed as a manipulative s t e p  without  d i f f i c u l t y  o r  v io lence .  

The volume of t h e  present  Reaction C e l l  B ,  w a s  l i m i t e d  such t h a t  a d d i t i o n s  

over  0.5 g of K were not  t r i e d .  As a g e n e r a l i z a t i o n ,  1 .0  g of potassium reacts 

wi th  1 . 1 7  g of BrF3. However, t o  insure  complete l i b e r a t i o n  of oxygen, t h e  

KF formed should be allowed t o  completely d i s s o l v e  i n  t h e  excess  BrF3. The 

Kel-F Trap  A held approximately 3 . 5  g of BrF3 per  cm l e n g t h  of tub ing .  For 

t h e  tests,  t h e  Kel-F tub ing  A was usua l ly  f i l l e d  t o  a he igh t  of 5-6 c m  w i th  

BrF3 be fo re  i ts  t r a n s f e r  t o  React ion C e l l  - B. Therefore ,  no more than  21 g of 

BrF3 were gene ra l ly  used. 

- 

- 
- 

On t h r e e  d i f f e r e n t  occas ions ,  0 . 5  g of potassium were added by means of 

t h e  A l k a l i  Metal Sampler-Extruder t o  the  C e l l  - B. A small copper c r u c i b l e  was 

he ld  below t h e  ex t rude r .  The potassium w a s  c u t  and dropped i n t o  i t  whi le  t h e  

Jamesbury Valve g was s t i l l  c losed .  

admit ted t o  C e l l  B through Valve 8. 

Then t h e  c r u c i b l e  and i t s  con ten t s  were 

- - 

-9 - 



The procedure used was i d e n t i c a l  f o r  a l l  tests wi th  potassium o r  

potassium bromate s p i k e s  (noted l a t e r )  and would s imula t e  one technique 

f o r  t h e  

a.  

b .  

C.  

d .  

e. 

f i n a l  a n a l y t i c a l  method: 

React ion C e l l  B con ta in ing  the  BrF3 was cooled i n  l i q u i d  N2 t o  about - 
=3(J°C a;;d evacuated +hvrr..nh 17-1 -7- 

* I I & " U ~ . l  .-I"+ ?, - 

The A l k a l i  Metal Sampler-Extruder w a s  evacuated through Valve 2.  

With t h e  p re sen t  s y s t e m  2-3 microns were ob ta ined .  

- 

With va lves  7 ,  13, 1 4 ,  and 15 c l o s e d ,  t h e  potassium w a s  ex t ruded ,  

c u t ,  and admitted t o  t h e  Cel l  B, through t h e  Jamesbury Valve 8. 

- - -  - 
- - 

During t h i s  t i m e ,  helium was allowed t o  sweep through t h e  a f t  s y s t e m  

through t h e  by-pass Valve 6. 

The l i q u i d  N2 D e w a r  w a s  removed from the  C e l l  B which, wi th  i t s  

con ten t s  then  w a s  warmed up t o  21-23OC o r  room temperature .  

e lapsed  t i m e  was u s u a l l y  45-60 minutes because of t h e  conduc t iv i ty  

of t h e  monel ce l l .  

- 
The 

For  an a c t u a l  a n a l y t i c a l  de te rmina t ion ,  t h e  subsequent procedure would 

c o n s i s t  of f irst  c l o s i n g  Valve 6 ,  then admi t t i ng  helium through Valve 7 ,  t o  

sweep ou t  t h e  gaseous products  and out through Valve 1 5  towards t h e  measuring 

s y s t e m .  

- - 

- 

-10- 



I n  each of t h e  t h r e e  t r i a l s  , the r i se  i n  temperature  from - 3 O O C  t o  +23OC 

was measured on a Palmer thermometer w i th  t h e  thermocouple end a t t ached  t o  t h e  

leg on t h e  React ion C e l l .  N o  abnormal rise w a s  noted.  Ev iden t ly  r e a c t i o n  

occurs  wh i l e  t h e  BrF3 is melt ing a t  9OC, t h e  h e a t  of r e a c t i o n  being overcome 

somewhat by both t h e  hea t  of f u s i o n  of BrF3 and t h e  hea t  of s o l u t i o n  of KF 

MEASUREMENT OF OXYGEN LIBERATED 

The method f o r  measuring oxygen a l l u d e c  t o  i n  previous , ~ a r t e r l y  Reports 

involves  p r i n c i p l e s  and apparatus  e s t ab l i shed  by  brad^(^) and improved upon 

by Si lverman and Bradshaw(8). 

s o l u t i o n  of sodium anthraquinone beta  s u l f o n a t e ,  which changes t h e  s o l u t i o n  

from r e d  t o  c o l o r l e s s .  The dynamic course of t h e  ox ida t ion  is followed by 

n o t i n g  t h e  change in t ransmiss ion  on a spectrophotometer .  When an oxygen-free 

carr ier  gas l i k e  helium is used a t  a cons tan t  f l ow- ra t e ,  a s  l i t t l e  as 0.005 ppm 

of oxygen may be d e t e c t e d .  By a jud ic ious  des ign  of t h e  g l a s s  appara tus  through 

which bo th  t h e  gas and s o l u t i o n  pump and c i r c u l a t e ,  d e t e c t i o n  between 1 t o  200 

ppm is e a s i l y  ob ta ined .  The accuracy depends somewhat on t h e  choice  of spec t ro -  

photometer ,  t h e  q u a l i t y  of t h e  c a r r i e r  g a s ,  and t h e  a b i l i t y  t o  read  t h e  

ins t rument  and i ts  o p t i c a l  response.  Hydrogen, carbon d iox ide  , and n i t r o g e n  

have no e f f e c t  on t h e  c o l o r  of t h e  so lu t ion .  

In  essence , oxygen is  absorbed i n t o  an a l k a l i n e  

A Bausch and Lomb #20 Spectrophotometer w a s  used wi th  a wave-length s e t t i n g  

of 530 mil l imicrons .  Because of the  d i f f i c u l t y  i n  s c a l e  r e a d i n g ,  t h e  instrument  

-11- 



was nu l l ed  a t  20% T .  The s y s t e m  shown i n  F igure  3 is  o r i g i n a l l y  c a l i b r a t e d  

by oxygen generated from an e l e c t r o l y t i c  cel l  con ta in ing  d i l u t e  s u l f u r i c  a c i d  

s o l u t i o n .  F igure  4 shows t h e  curves obtained by applying t h e  Faraday p r i n c i p l e  

where t h e  amount of oxygen l i g e r a t e d  ( i n  micrograms) is c o r r e l a t e d  wi th  t h e  

percent  t r ansmiss ion  from t h e  Brady appara tus .  By a s y s t e m  of s topcocks ,  t h e  

reagent s o l u t i o n  may be regenera ted  ( i . e . ,  reduced) by pass ing  through an 

amalgamated z i n c  column on the  apparatus .  I n  t h i s  manner e i t h e r  0% or 20% T 

may be obta ined  between runs .  By m e a n s  of t h e  three-way s topcock (Figure 2 ,  

201, hel ium may be admitted d i r e c t l y  from t h e  N a K  bubbler  t o  the  Brady appara tus .  

A l t e r n a t e l y ,  t h e  helium from t h e  N a K  bubbler can pass  through t h e  e n t i r e  s y s t e m  

- 

i n  F igu re  2 and then  be admit.ted t o  the Brady for oxygen read-out .  

The e f f i c i e n c y  of t h e  N a K  bubbler f o r  removing oxygen is e a s i l y  shown. 

With a f low-ra te  of 125 ml/min. t h e  helium d i r e c t l y  from t h e  N a K  bubbler 

showed no d e t e c t a b l e  change i n  % T on t h e  B ik L Spectrophotometer i n  t h e  

course  of one hour.  

- 

P r i o r  t o  any r u n ,  i t  w a s  always deemed adv i sab le  t o  check ou t  t he  Brady 

appara tus  and t h e  Spectrophotometer by running helium through it  f o r  some t i m e .  

A con t inu ing  ze ro  % T reading  was i n d i c a t i v e  of ”good” helium and a respons ive  

ins t rument .  

To check t h e  t i g h t n e s s  of t h e  present  s y s t e m  (which l eaves  something t o  

be d e s i r e d ) ,  t h e  helium was passed f i r s t  through i ts  e n t i r e t y  and then through 

the  a f t - sys tem.  The r e s u l t s  on t h e  t o t a l  s y s t e m  are covered l a t e r ,  A t y p i c a l  

run  on t h e  a f t - sys tem,  t h a t  is t o  s a y ,  by-passing t h e  Reactor  C e l l  - B and 
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Figure 3. Brady Apparatus for Oxygen Determination (C2062218) 
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FIGURE 4 CALIBRATION CURVE - STANDARDIZATION OF BRADY APPARATUS 
FOR MEASURING OXYGEN 
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1 1  e n t r a i n i n g  t h e  helium through Valve 5 gave a 

micrograms of oxygen i n  one hour.  The a c t u a l  % T increased  from 20.0 t o  

2 0 . 2  i n  two hours  is equ iva len t  t o  10 micrograms of 02.  Th i s  v a l u e ,  i n s t e a d  

of 0.0 micrograms ind ica t ed  some s m a l l  l e a k s  i n  t h e  s y s t e m .  

l e a k  r a t e "  equiva len t ,  t o  f i v e  

It is i m p c r t l ~ t  ts netp at p ~ i c t  t h a t  t h e  ~ ~ S P C C P  ef nxxrcron J ---* -** i n  

BrF3 w a s  confirmed i n  t h e  above manner. Some BrF3 was condensed i n  Kel-F 

Trap  A and then  f rozen  wi th  a Dewar of l i q u i d  n i t rogen .  The f luo ro thene  tube 

w a s  then  disconnected from t h e  monel nut  and interchanged on t h e  nut  of Kel-F 

Trap  D (see Figure  2). Then, whi le  the  BrF3 w a s  s t i l l  f r o z e n ,  helium w a s  

admit ted through Valve 5 t o  sweep out  any oxygen/air  added e x t r i n s i c a l l y  above 

t h e  f r o z e n  bromine t r i f l u o r i d e .  The sodium anthraquin ine  b e t a  s u l f o n a t e  

s o l u t i o n  i n  t h e  Brady w a s  then purposely reduced back t o  20% T.  The passage 

of helium over t h e  BrF3 w a s  then  continued w h i l e  t h e  in t e rha logen  warned up 

t o  room temperature .  

on the  spectrophotometer  w a s  t h e  same f i v e  micrograms of O2/hour ra te .  The 

above is a demonstrat ion t h a t  BrF3 may be obta ined  oxygen-free and maintained 

as such i n  a c losed  s y s t e m  f o r  a n a l y t i c a l  purposes.  

- 

- 

A f t e r  an a d d i t i o n a l  hour , t h e  "leak rate" r e g i s t e r e d  

T e s t s  were then  made t o  a s c e r t a i n  t h e  " leak ra te"  of t h e  whole s y s t e m .  

Th i s  included t h e  React ion C e l l  B ,  t h e  A l k a l i  Metal Sampler-Extruder,  t h e  

b o l t i n g  and gaske t ing  j o i n i n g  them t o g e t h e r ,  and t h e  Jamesbury Valve - 8. 

w a s  a n t i c i p a t e d ,  i n  advance, t h a t  because of t h e  excess ive  ?umber of f i t t i n g s  

and v a l v e s ,  a n o t i c e a b l e  l eak  r a t e  would be obta ined .  

- 
I t  
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With 20-30 m l  of BrF3 i n  t h e  Reaction C e l l  B and helium pass ing  a t  t h e  - 
ra te  of 125 ml/min., t h r e e  success ive  runs on t h r e e  s e p a r a t e  days gave exce l -  

l e n t  agreement. The resu l t s  are shown i n  Table I .  The l e a k  rates obta ined  

were 99 ,  99 ,  and 106 micrograms of oxygen per two hours! These i n d i c a t e  t h a t  

i f  an a c t u a l  chemical a n a l y s i s  of oxygen i n  potassium could be concluded w i t h i n  

on hour ,  t h e  maximum blank would be only 50 micrograms of oxygen wi th  t h e  

p re sen t  appara tus .  Later on ,  i t  w i l l  be noted t h a t  o t h e r  l eak  ra tes  were 

obta ined .  These w e r e  t h e  r e s u l t  of a series of breakdowns wi th  t h e  appara tus  

used. 

RECOVERIES FROM OXYGEN-BEAR ING COMPOUNDS 

I t  was noted by Emeleus(1) t h a t  oxygen was l i b e r a t e d  q u a n t i t a t i v e l y  from 

i o d a t e s  and bromates. As w a s  t h e  case wi th  ox ides ,  macro-sized samples had 

been used t o  conclude t h a t  t h e  BF3 d i d ,  indeed ,  react completely wi th  t h e s e  

oxy-acid salts. I t  i s  t o  be noted a t  t h i s  po in t  t h a t  wi th  carbonates  only  one 

of t h e  t h r e e  oxygen atoms i s  l i b e r a t e d  as molecular oxygen. This  is i n t e r e s t i n g  

s ince i t  sugges ts  t h a t  K2C03 i n  potassium would n o t  i n t e r f e r e  wi th  the  oxygen 

de te rmina t ion  by g iv ing  a f a l s e  reading of t o t a l  oxygen. 

- 

Towards t h e  development of a r e l i a b l e  method for oxygen i n  a l k a l i  metals 

h e r e ,  i t  w a s  necessary t o  demonstrate conc lus ive ly  t h a t  t h e  bromate reactions,  

f o r  example, would t ake  p lace  q u a n t i t a t i v e l y  wi th  micro q u a n t i t i e s  of oxygen 

t h r e e  t o  f i v e  o r d e r s  of magnitude less than previous ly  recorded.  
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L e a k  Rate 
cLg 02/2 H r s  

TABLE I 

OXYGEN LZAK RATE THROUGH ENTIRE BrF3 SYSTEM 

T r i a l  1 T r i a l  2 T r i a l  3 
8-8-63 8-12-63 8-13-63 

% T  % T  % T  

20.0 
20.0 
20.1 
20.3 
20.7 
21.0 
21.1 
21.3 
21.6 
21.9 
22.1 
22.3 
22.6 
22.9 
23.0 
23.2 
23.4 
23.5 
23.7 
23.8 
23.7 
24.2 
24.2 
24.2 
24.3 

99 99 
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20.0 
20.4 
20.9 
21.0 
21.3 
21.4 
21.6 
21.8 
22.0 
22.1 
22.2 
22.3 
22.4 
22.6 
22.9 
23.0 
23.1 
23.2 
23.3 
23.4 
23.5 
23.7 
24.0 
24.1 
24.3 

20.0 
20.0 
20.1 
20.3 
20.5 
20.7 
20.8 
20.9 
21.0 
21.2 
21.3 
21.4 
21.7 
21.9 
22.0 
22.2 
22.5 
22.7 
23.0 
23.3 
23.8 
24.0 
24.1 
24.3 
24.6 

106 



To test t h e  above , a series of "spikes" were prepared as fo l lows .  Smal l ,  

copper f o i l  shal low d i s h e s  were made approximately 0.5" D a t  t h e  t o p  and 0.25" 

h igh .  A microburet  sy r inge  w a s  used t o  d ispense  a s o l u t i o n  of potassium 

bromate,  KBrO3, con ta in ing  750 mg 02/ml t o  t h e  copper d i s h e s .  Th i s  sy r inge  

w a s  c a l i b r a t e d  a t  0.500 m i c r o l i t e r s  p e r  d i v i s i o n ,  where one dimension equa l s  

0.001" of t r a v e l .  

t a i n i n g  25 ,  100 ,  and 150 micrograms of oxygen. S ince  t h e  bromate i s  s t a b l e ,  

t h e  small  amount of l i q u i d  was e a s i l y  removed by evapora t ion  a t  100 - l l O ° C  

i n  an oven. The d i s h e s ,  now conta in ing  t h e  d r i e d  mrO3 w e r e  s t o r e d  i n  a 

d e s i c c a t o r  u n t i l  ready f o r  use .  

S u f f i c i e n t  KEh-03 s o l u t i o n  w a s  added t o  g ive  d i s h e s  con- 

For  any one r u n ,  a copper d i s h  and its con ten t s  w a s  c a r e f u l l y  placed by 

platinum-tipped tweezers j u s t  above the Jamesbury b a l l  Valve 8 .  The Upper 

Alkali-Metal Sampler-Extruder s y s t e m  w a s  then evacuated.  For  t h e  run ,  t h e  

same procedure f o r  o b t a i n i q g  t h e  

- 

I? l eak  r a t e "  w a s  used. While helium w a s  

purging t h e  by-pass s y s t e m  through Valve 6 ,  t h e  BrF3 i n  t h e  React ion C e l l  B 

was f r o z e n  t o  about -25OC. With the  C e l l  B i s o l a t e d ,  Valves 7 ,  13, 1 4 ,  and 

- - 
- - - -  

1-5 be ing  c l o s e d ,  t h e  Jamesbury Valve - 8 was turned momentarily t o  admit t h e  

copper  d i s h  and t h e  adhering KBrO3. The ce l l  was then allowed t o  w a r m  up t o  

room temperature  ( c a ,  22OC) over the  course of 45-60 minutes .  During t h i s  

t i m e ,  as even tua l ly  proven, the r e a c t i o n  between t h e  KBrO3 and t h e  BrF3 is 

complete.  Emeleus ' r epor t ed  s t u d i e s  were 75OC. 

Valve 6 w a s  then c losed  and Va lves  7 and 15  opened. S imul taneous ly ,  t h e  - - - 
Brady appara tus  was nu l l ed  on 20%T and set  on ANALYZE p o s i t i o n .  The gaseous 
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products  above t h e  BrF3 l i q u i d  were swept wi th  t h e  helium (125 ml/min) by 

d i f f u s i o n  through t h e  af t -system of t r a p s ,  e t c . ,  and thence t h e  oxygen and 

carrier gas  passed through t h e  Brady appara tus .  J u s t  p r i o r  t p  each run ,  t h e  

l e a k  ra te  was obta ined  i n  exac t ly  t h e  same manner wi thout  t h e  a d d i t i o n  of t h e  

KBr03 and copper d i s h .  The t ransmiss ion  curves were p l o t t e d  on semi-log paper ,  

and t h e  d i f f e r e n c e s  c a l c u l a t e d  t o  weight of oxygen from Figure  4 .  While t h e  

p re sen t  methods of measurement r equ i r e  re f inement ,  t h e  fo l lowing  r e s u l t s  i n  

Table  I1 may be noted.  A t  room temperature success fu l  r ecove r i e s  were obta ined  - 
on a l l  samples.  A copper d i s h  introduced without  K B r O 3  a d d i t i v e  showed no 

oxygen recovery.  The a b i l i t y  of t h e  s y s t e m  and t h e  choice of r e a c t i o n s  t o  

measure oxygen s p e c i f i c a l l y  and q u a n t i t a t i v e l y  by t h e  i n t e r a c t i o n  of micro 

q u a n t i t i e s  of an oxygen-bearing compound wi th  an excess  of bromine t r i f l u o r i d e  

has  been demonstrated.  

TABLE I1 

RECOVERY OF OXYGEN FROM THE REACTIONS OF KBrOl, AND BrFq 

Micrograms of Oxygen 
Added as KBrO? 

Micrograms of Oxygen 
Recovered 

150 
150 
100 

25 

132.4 
152 
94 
27 

The d a t a  connected wi th  t h e  f o u r  success fu l  runs  i s  given i n  Tables  I11 and 

I V  as w e l l  as F igures  5 ,  6 ,  7 ,  and 8. 
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TABLE I11 

TESTS ON RECOVERY OF OXYGEN FROM KBr03 ADDITIONS TO BrF3 

0 
5 
10 
15 
20 
25 
30 
35 
40 
50 
55 
60 
65 
70 
75 
80 

20.0 
20.0 
20.1 
20.3 
20.5 
20.7 
20.8 
20.9 
21.0 
21.2 
21.3 
21.7 
21.9 
22.0 
22.2 
22.5 

20.0 
20.9 
22.0 
23.0 
24.3 
25.9 
27.3 
27.8 
28.2 
29.1 
29.7 
30.0 
30.3 
30.8 
31.3 
32.0 
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T e s t  I1 
(See Figure 6) 

150 kg 02 

t(min.1 

0 
5 
10 
15 
20 
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35 
40 
50 
55 
60 

% TB 

20.0 
20.0 
20.8 
21.6 
22.1 
22.3 
23.3 
24.1 
25.0 
26.5 
27.5 
28.4 

- % TU - 
20.0 
20.0 
21.2 
29.3 
36.3 
40.5 
43.4 
45.5 
47.8 
52.0 
53.8 
55.6 



TABLE I V  

TESTS ON RECOVERY OF OXYGEN FROM KBrO3 ADDITIONS TO BrF3 

T e s t  I11 
(See F igu re  7)  

25  ccg 02 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

20.0 
20.0 
20.1 
20.2 
20.5 
20.7 
20.9 
21.0 
21.0 
21.1 
21.3 

% TU 

20.0 
20.0 
20.0 
20 .7  
21.0 
21.3 
21.7 
21.9 
22.1 
22.3 
22.4 

- 
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T e s t  I V  
(See F igure  8 )  

100 )Ig 02 

t (min.1 
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21.0 
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2 0 , 4  
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24.7 
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RECOVERY OF OXYGEN FROM POTASS IuM 

One of the  t h r e e  tests mentioned p rev ious ly  f o r  i n t e r a c t i n g  potassium and 

bromine t r i f l u o r i d e  was a c t u a l l y  c a r r i e d  o u t  a f te r  t h e  KBrO3 experiments  were 

completed. I n  t h e  s h o r t  t i m e  remaining, and w i t h  a known d e f i c i e n c y  wi th  t h e  

p re sen t  Alkal i -Metal  Sampler-Extruder, i t  w a s  decided t o  add a contaminated 

potassium sample t o  t h e  BrF3 i n  t h e  s y s t e m  under cond i t ions  e x a c t l y  s imilar  

t o  those  used f o r  t h e  bromate add i t ions .  With t h e  s y s t e m s  blanked as u s u a l ,  

any oxygen f i n a l l y  measured on t h e  Brady appara tus  had t o  be der ived  from 

t h a t  contained w i t h i n  t h e  0.5 g of potassium added. About 500 micrograms 

of oxygen r e s u l t e d .  I t  w a s  success fu l ly  demonstrated,  t h e r e f o r e ,  t h a t  the  

oxide(s )  w i t h i n  the  potassium had reac ted  wi th  t h e  BrF3 as evidenced by a 

large recovery of  oxygen on t h e  Brady measuring s y s t e m .  

DISCUSS ION AND CONCLUS IONS 

These f e a s i b i l i t y  s t u d i e s  i n d i c a t e  t h a t  a new a n a l y t i c a l  method involv ing  

t h e  use of bromine t r i f l u o r i d e  can be developed f o r  the  s p e c i f i c  de te rmina t ion  

of oxygen, a t  l e v e l s  of 5 t o  100 ppm i n  a l k a l i  metals. 

I t  is  necessary  t o  r e f i n e  t h e  present  appara tus  us ing  t h e  e s t a b l i s h e d  

p r i n c i p l e s  p rev ious ly  developed. The requirement of a low blank r e l a t i v e  to 

t h e  amount of oxygen t o  be determined i n c r e a s e s  the n e c e s s i t y  f o r  a more 

l e a k - t i g h t  system. 

accep tab le  l e v e l s  of less than  10 micrograms of oxygen per hour.  Any 

The o b j e c t i v e  i s  t o  reduce t h e  b lank  o r  "leak" rate t o  
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redes ign  would e l i m i n a t e ,  as much as  p o s s i b l e ,  a l l  types  of f i t t i n g s .  

The i r  replacement wi th  brazed o r  welded c o n s t r u c t i o n  between t h e  va r ious  

l i n e s  of communication i s  advantageous. Only aluminum, copper ,  monel, and 

n i c k e l  should be used s i n c e  t h e y  are i n e r t  t o  bromine t r i f l u o r i d e .  Tef lon  

0%; ott,ei. fi-uocai*tor,s Eay =e .dsed fT' those =eeti=rLs deemed m e r ) P e o " v  I.L.,"UUcII 5 r , pzrticularly 

where s e a l i n g  and gaske t ing  are requi red .  All va lves  and t r a p s  must pass  t he  

r i g i d  requirement of main ta in ing  high vacuum and co r ros ion  r e s i s t a n c e .  

Emphasis is  needed on t h a t  por t ion  of t h e  s y s t e m  f o r  t h e  t r a n s f e r ,  pu r i -  

f i c a t i o n  and s t o r a g e  of BrF3 f o r  t he  i n t e r m i t t e n t  a d d i t i o n  of t h i s  reagent  t o  

t h e  main r e a c t i o n  ce l l .  The main r e a c t i o n  cel l  and s e c t i o n  could be completely 

redesigned and en larged  t o  accomodate larger volumes of bromine t r i f l u o r i d e .  

Th i s  would al low f o r  t h e  s e q u e n t i a l  de te rmina t ion  of a number of samples of 

a l k a l i  metal without  the n e c e s s i t y  f o r  disassembly of the ce l l  between runs .  

When an  excess  of BrF3 is p r e s e n t ,  t h e  a d d i t i o n  of any one sample of potassium, 

f o r  example, would not  expend the  reagent  o r  restrict i t s  use from f u r t h e r  

sample a d d i t i o n s .  

The success  of procedures with a l k a l i  metals depends l a r g e l y  on t h e  method 

of sampling. To t h i s  end a more r e f ined  vacuum extrusion-sampler  s y s t e m  is 

requ i r ed .  A h igh  vacuum s y s t e m  employed wi th  i t  r e q u i r e s  mod i f i ca t ion  and 

would have t o  connect w i t h  the  e n t i r e  r e a c t i o n  s y s t e m  d i f f e r e n t l y .  

Refinements a r e  r equ i r ed  t o  maximize t h e  u t i l i t y  of t h e  p re sen t  d e s i g n  

of  appa ra tus  inco rpora t ing  t h e  Brady p r i n c i p l e .  These inc lude  c e r t a i n  changes 

I 
I 
It 
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i n  s topcocks and improving t h e  over -a l l  r i g i d i t y .  F u r t h e r ,  the  use of a 

p r e c i s i o n  grade 1 c m  square  q u a r t z  absorp t ion  ce l l  f o r  the  Spec t rophotometr ic  

readings  is suggested.  P r e f e r a b l y ,  a h igh  p r e c i s i o n  narrow-band r eco rd ing  

spectrophotometer  capable  of c h a r t i n g  t ransmiss ion  changes versus  t i m e  a t  a 

f i x e d  wave-length should be used i n  conjunct ion w i t h  t h e  B r a d y  appara tus  

Another f e a t u r e  necessary  f o r  accuracy i n  t h e  range of oxygen va lues  t o  be 

measured is t h e  a b i l i t y  t o  superimpose both t h e  blank and sample runs on t h e  

same c h a r t .  L inear  scales may be used by t h e  s imple  expedient  of measuring 

absorbancy i n s t e a d  of t h e  logar i thmic  percent  t ransmiss ion .  To inc rease  t h e  

s e n s i t i v i t y  f u r t h e r ,  a selector switch f o r  a l t e r i n g  the  scale should be an 

i n t e g r a l  p a r t  of t h e  ins t rumenta t ion .  Change-over from 0-100% T f u l l  scale 

to  O - l O %  T f u l l  scale would be i d e a l  f o r  t h e  measurements contemplated.  

Of importance is t h e  procurement of good sample grades  of potassium o r  

o t h e r  a lka l i  metals. I n  t h i s  r e s p e c t ,  c l o s e  l i a i s o n  is  necessary wi th  sou rces  

f o r  o b t a i n i n g  s u i t a b l e  potassium f o r  t h e  t es t  runs .  The l e v e l s  of oxygen found 

by o t h e r s  must be f a c t o r e d  i n t o  t h e  work. However, t h e  s p e c i f i c i t y  o f f e r e d  by 

a s u c c e s s f u l  BrF3 method may y i e l d  r e s u l t s  t h a t  d i f f e r  from those  r epor t ed  by 

o t h e r  procedures wherein t h e  p re sen t  s t a t e -o f - the -a r t  recognizes  t h a t  t h e  

apparent  oxygen va lues  are t h e  summation of a number of i n t e r f e r i n g  i m p u r i t i e s .  

F u r t h e r  work on t h e  c o n t r o l l e d  add i t ion  of vary ing  amounts of potassium, 

w i t h  and without  purposeful  add i t ions  of potassium bromate,  is needed t o  t e s t  

r e c o v e r i e s .  I t  w a s  demonstrated tha t  t he  bromate (KEh-03) releases a l l  of 

i ts oxygen q u a n t i t a t i v e l y  and t h a t  t h e  compound can be e a s i l y  introduced 
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i n t o  the  s y s t e m  along w i t h  potassium. T h i s  p re sen t s  an advantage h e r e t o f o r e  

r a t h e r  impossible  t o  a s c e r t a i n .  S t a t i s t i c a l  d a t a  may be obta ined  e a s i l y  as 

a r e s u l t  of t h i s  proposed approach. O t h e r  impur i ty  compounds found i n  

potassium such a s  K2CO3 could be s i m i l a r l y  in t roduced .  

To f i n a l i z e  and e s t a b l i s h  the  BrF3 method f o r  gene ra l  spread u s e ,  a number 

of tests must be made. S t a t i s t i c a l  methods should be used t o  proper ly  i n t e r -  

p r e t  a l l  t h e  d a t a  obta ined:  

1) A series of ana lyses  wi th  a number of uniformly pure potassium 

samples t o  e s t a b l i s h  the  p rec i s ion .  

2) A series of ana lyses  w i t h  potassium and the  a d d i t i o n  of known 

amounts of potassium bromate t o  e s t a b l i s h  t h e  use fu l  range of t h e  method. 

3) A series of ana lyses  t o  e s t a b l i s h  the s e n s i t i v i t y  of the  method, 

p a r t i c u l a r l y  a t  t h e  5 micrograms of oxygen range.  

4) A series of ana lyses  t o  e s t a b l i s h  the  number of i n d i v i d u a l  deter- 

mina t ions  t h a t  can be made on the  same batch of  bromine t r i f l u o i r d e  

without  i n t e r r u p t u i o n  o r  disassembly of the  main r e a c t i o n  c e l l  from 

t h e  appara tus .  

5) A series of analyses  w i t h  varying sample s i z e s  o r  weights  o r  potas-  

sium t o  determine the  b ias  on accuracy o r  the presence of cons t an t  e r r o r s .  

6) A series of ana lyses  w i t h  sodium m e t a l  t o  determine t h e  i n i t i a l  

a p p l i c a b i l i t y  t o  o t h e r  a l k a l i  metals. 
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